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CHAPTER I 
INTRODUCTION 
Protein is a nutrient required for the fonnation of enzymes, 
honnones, cell protoplasm, and body fluids; it is important in the 
nonnal processes of growth and reproduction, resistance to infection, 
repair of body tissue, and other metabolic processes. Body tissue 
proteins are not in a fixed state but in a constant state of exchange, 
and protein is needed daily by the body although it may no longer be 
needed for growth. Another primary need of the body is for energy. 
The body attempts to satisfy this need even if it means the use of 
protein for energy instead of for its special functions. Such protein 
expenditure occurs when sufficient calories are not provided for energy 
requirements. Thus a protein-calorie relationship exists. 
The adequacy of dietary protein has been judged primarily by 
examination of nitrogen balance data. Many factors are known to affect 
nitrogen balance, including protein level, calorie level, protein qual-
ity, and the body's state of health. In the United States protein mal-
nutrition is infrequent, existing predominately during certain situa-
tions or times as adolescence, pregnancy, weight reduction, or among 
low socio-economic groups. This is not true in many other countries, 
for the developing, populous nations have been plagued with protein 
malnutrition especially in young children. The protein-deficiency 
disease, Kwashiorkor, is prevalent where diets contain very little 
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protein, generally of low quality. Calories may be plentiful, but 
there is a question as to whether the calories are utilized effi-
ciently because of the restricted protein. 
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Human metabolic balance studies have been important as a re-
search tool in the study of protein relationships. The basis for the 
study to be reported in this paper was a metabolic balance study con-
tributing to the Southern Regional Nutrition Research Project (S-28) 
conducted at the University of Tennessee, Department of Nutrition, 
during the Fall of 1964. Four young college women consumed a diet 
providing 36 g. of protein daily for the five-week experimental study 
while four others received a diet providing 47 g. All other nutrients 
were at recommended levels. As the study progressed all subjects ex-
cept one required stepwise additions of energy supplements to maintain 
weight, suggesting that efficiency of calorie utilization might be de-
creased when the protein intake was low. The work reported in this 
paper investigates the protein-calorie relationship in the group of 
young women fed diets providing two low levels of protein intake. 
CHAPTER II 
REVIEW OF LITERATURE 
Wide recognition is given to the fact that a dynamic physiological 
relationship exists between protein and calories. Ingested protein or 
protein stores will be used for energy if sufficient calories are not 
provided for body functioning. Many reports, including the work of 
Leverton et al. (1) with young women and of Rosenthal and Allison (2) 
with dogs, give evidence of the protein-sparing action of calorie-rich 
foods. Rosenthal and Allison (2) observed two responses when dogs 
were fed a constant amount of casein and varying amounts of carbohy-
drate. With a slight reduction in calories there was an increase in 
urinary nitrogen reflecting an increase in protein catabolism. Con-
tinued feeding of a markedly restricted energy intake resulted in de-
pleted protein stores and a decrease in nitrogen balance. Wagle et al. 
(3) stress that optimum growth and efficiency of food conversion is 
closely related ,,to a sensitive balance between the protein and calorie 
content of a diet. They found that an increase in the indigestible 
fibrous bulk of .the diet of rats resulted in decreased fat content of 
carcasses. Also reported was an increased nitrogen retention with an 
increased protein or calorie content of the diet. Sibbald et al. (4) 
felt that a strong association existed between the digestible energy 
consumed and the nitrogen retained by rats and observed that rats ate 
to satisfy their energy requirements. Rosenthal and Allison (5) have 
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postulated that an optimum caloric intake exists for each protein in-
take and that a perfect balance between protein and calories results 
in adequate development of body mass. They reported that rats fed 
diets markedly restricted in calories remained in positiv~ nitrogen 
balance until the body energy stores from adipose tissue were depleted. 
Nitrogen retention and loss of body fat in the rats fed diets restricted 
in calories indicated that body energy pools supplied a good deal of 
the daily caloric requirements. Calloway and Spector (6) studied the 
total nitrogen balance of well-nourished rats fed diets with high, 
medium, and low levels of calories and with two protein sources. Body 
weight losses varied inversely with caloric intake with no significant 
effect of fat level or protein source. When the caloric requirement 
was met, nitrogen equilibrium was attained after two days of adjustment 
to a decrease in dietary protein. Munro and Naismith (7,8) concluded 
that protein metabolism is in a state of dynamic equilibrium with 
energy intake; and even though an animal is in nitrogen equilibrium, 
variation in energy level leads to a corresponding change in nitrogen 
balance. Johnson et al. (9) have reported work with eight healthy 
young men that supported the hypothesis that below a certain level of 
caloric deficit and above a certain level of nitrogen intake, iso-
caloric additions of nitrogen will not ameliorate a negative nitrogen 
balance in man. Beattie et al. (10), working with Dutch and German 
subjects wasted by starvation, concluded that nitrogen retention is 
roughly proportional to the calorie intake. Their work indicated that 
the critical calorie level is around 30-40 Cal./kg. of body weight 
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where the level of nitrogen intake then determines the significance 
and magnitude of the nitrogen balance. They found no definite rela-
tionship between the per cent of nitrogen retained and the proportion 
of energy provided by protein or non-protein constituents of the diets. 
Rose et al. (11) studied the effects of caloric intake on the 
amino acid requirements of young men fed constant intakes of nitrogen 
from various sources. When whole casein was the nitrogen source, sub-
jects established positive nitrogen balance if the diet supplied 
approximately 40 Cal./kg./day, whereas subjects fed a mixture of the 
eight essential amino acids and glycine and urea were in negative 
nitrogen balance until calorie levels were raised to 55 Cal./kg./day. 
This phenomenon has not been fully explained. 
Also known to affect nitrogen balance is the quality of protein 
in a diet. Rosenthal and Allison (2) demonstrated with adult dogs on 
a very low calorie intake that if the dietary protein was from egg or 
milk the loss of tissue nitrogen was somewhat less than the loss when 
wheat gluten was fed. Bricker et al. (12) found that a 70 kg. adult 
required 74.4 g. of white flour protein or 43.0 g. of milk protein a 
day for nitrogen equilibrium. In another metabolic study (13) ten 
college women were placed on a 70 per cent cereal protein diet provid-
ing 1.6 g. of nitrogen for ten days followed by another ten-day period 
during which the 70 per cent cereal diet supplied 3.2 g. of nitrogen. 
After a short period during which subjects consumed normal diets, they 
were placed on low-protein diets that supplied 0.2 g. of nitrogen daily 
for fifteen days. From the results of these first three experimental 
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periods, an adequate protein level was calculated for each subject. 
The subjects were then placed on a 70 per cent cereal protein diet 
for ten weeks at the individual protein levels calculated to be ade-
quate. Nine out of the ten were in positive nitrogen balance the 
entire ten weeks, and protein levels ranged from 27 g. to 42 g. with 
an average of 32 g. daily. Indications were that approximately 45 
Cal./kg. of body weight per day were adequate for weight maintenance 
at all levels of nitrogen intake. 
Although there were two short intervals during which subjects 
consumed normal diets, it is probable that they had been able to ad-
just to the lower protein levels during the preliminary period and 
therefore maintained positive balances when consuming a 70 per cent 
cereal protein diet for ten weeks. Flodin (14) points out the diffi-
culty in establishing a protein requirement because organisms adapt 
to low quantity and quality. Mitchell (15) agrees that individuals 
may adapt to low planes of protein nutrition by decreasing the wastage 
of nitrogen in the endogenous metabolism or making better use of what 
protein is available through protein-sparing action of increased car-
bohydrate intake. 
The quality of protein is related to its amino acid composition 
and is expressed in terms of biological value. Although no mixed 
dietary protein has a biological value of 100, Crampton (16) thought 
it convenient to relate the North American dietary protein complex 
considered excellent, good, or average to a biological value of 100, 
75, or 50 per cent respectively. Protein sources representing a BV 
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of 100, 75, or 50 per cent would be in the proportion of 1 animal+ 
1 marine, 1 animal+ 1 marine+ 1 plant, or 1 animal+ 1 marine+ 2 
plant, respectively. He computed the protein requirement per 1000 
Calories of a 70 kg. adult as: BV 100 per cent= 8.8 g.; BV 75 per 
cent= 11.6 g.; BV 50 per cent= 18.5 g. Swift et al. (17) have shown 
that a deficiency of an essential amino acid not only affects nitrogen 
utilization but also energy utilization. Young rats fed diets contain-
ing 8 per cent protein supplemented with cystine at 0.24 per cent of 
the diet stored 11 per cent more energy and 24 per cent more nitrogen 
than their pairmates on the same feed intake without added cystine. 
Hegsted (18) points out the importance of supplementation of vegetable 
proteins and that the total mixture of proteins consumed is more im-
portant than the biological values of individual proteins in the diet. 
The preceding review emphasizes the interrelationship of pro-
tein and calories, specifically the role of calories in protein metab-
olism and nitrogen balance. Another aspect of this protein-calorie 
relationship that has not been investigated as extensively is the 
effect of dietary protein on calorie utilization by the organism. An 
early study of the effects of protein on calorie utilization is re-
ported by Wang and his associates (19). They fed equicaloric diets, 
first a high-protein diet providing 4 g./kg. of body weight followed 
by a low~protein diet providing 2 g./kg., to eight normal and nine 
undernourished children ranging in age from four to twelve years. The 
percentage utilization of calories on both diets fell within what was 
considered a normal range with slightly higher utilization on the low-
protein diet than on the high. The calorie loss for all subjects in 
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both urine and feces was higher on the high-protein diet than on the 
low. The authors accounted for this by three possible factors, namely, 
increased calories in the urine because of higher excretion of the 
nitrogenous substances such as urea and uric acid on the high-protein 
diet; increased calories in the feces due to a larger amount of in-
digestible connective tissue on the high-protein diet; and slightly 
higher average caloric intake on the high-protein diet than the low. 
They concluded that the total calorie loss is entirely dependent on 
the total calorie intake. The ratio of calories to nitrogen in urine 
fell within what was considered a normal range with the ratio higher 
in the groups on the low-protein diet. On the high-protein diet the 
percentage calorie retention was approximately the same for normal and 
undernourished children. On the low-protein diet, retention was much 
higher for the undernourished children probably because the normal 
children had not adjusted to the low-protein intake. 
The difference in the heat loss in the urine on the two diets 
was remarkably constant; the caloric value per kilogram of body weight 
for children on the high-protein diet was always approximately one 
Calorie higher than on the low-protein diet. The difference in nitro-
gen output for the two diets was attributed mainly to the difference 
in the concentration of urea. The calorie value of this difference 
made it evident that the higher energy value of the urine of children 
on the high-protein diet was because of the higher concentration of 
nitrogenous substances, especially urea, in the urine. Wang et al. 
(19) noted that a constant protein intake resulted in a remarkably 
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constant caloric loss in the urine, the value being chiefly dependent 
on the concentration of nitrogenous substances contained in it. The 
calories lost through feces were greater for those on the high-protein 
diet than on the low. Percentage absorption was almost constant; 
therefore on the higher intake the actual loss through feces was greater 
than on the low-protein intake. The average per cent utilization of 
calories on the low-protein diet was 94.1 and 90.9 for the high. The 
difference was attributed to the lower digestibility coefficient of 
protein compared to fat or carbohydrate. The lower the protein in a 
diet, with other things being equal, the higher the coefficient of 
digestibility of the mixture and the greater the calorie utilization. 
Wang et al. (20) conducted another study with ten normal and 
twenty-six undernourished children and concluded that calorie utiliza-
tion per twenty-four hours is directly proportional to the intake and 
that calorie loss in urine and feces increases with increased intake. 
They reported that percentage utilization remained practically con-
stant, entirely independent of total intake, fecal weight, or the 
actual loss of heat either in feces alone or feces and urine combined. 
Forbes et al. (21,22) studied the energy utilization of rats on 
equicaloric diets containing 10 to 45 per cent protein. As the protein 
was increased from 10 to 25 per cent there was an increase in the outgo 
of energy in the urine accompanied by a decrease in fecal energy. The 
metabolizable energy, calculated as gross food energy minus the energy 
of feces and urine, remained the same for all diets. As protein was 
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increased from 25 to 45 per cent, greater quantities of urinary energy 
were accompanied by smaller quantities of fecal energy; however both 
metabolizable energy and energy of body gain diminished. The calories 
per gram of nitrogen in the urine progressively decreased with each 
increase in protein level. Johnson et al. (23) obtained similar re-
sults when they fed seventeen pairs of rats 10 to 25 per cent protein 
diets. 
Wang and associates (19) observed that children excreted smaller 
quantities of urinary energy when fed 2 g. of protein per kg. of body 
weight than when fed 4 g. although 2 g. of protein per kg. cannot 
actually be considered a low-protein level. Wang et al. (19) and 
Forbes et al. (21,22) observed similar trends even though the latter 
authors used a wide range of protein intakes. 
Hawks and associates (24) reviewed the work of Wang et al. (19, 
20), concluded that a relationship does exist between protein intake 
and utilization of calories, and conducted an experiment to provide 
further information on the availability of energy and the effect of 
diet on metabolizable energy level. Preschool children were fed diets 
providing 3 g. of protein per kg. of body weight for one experimental 
period and 4 g. per kg. for the second period. On the lower protein 
diet a constant percentage of the calorie intake was absorbed and re-
tained; the authors concluded as did Wang et al. (19) that energy 
excretion was dependent on the calorie intake. The change to the high-
protein diet resulted in lower percentage retention because more cal-
ories were eliminated in the urine and feces. The authors surmised 
11 
that increased nitrogen eliminated was probably responsible for all 
increased energy in the excreta of children on the higher-protein 
diet. This was substantiated by the fact that analyzed calorie values 
in excreta and those calculated from nitrogenous end products were 
practically the same. The data confirmed the report of Wang et al. 
(19) that the calorie value of the difference in urea excreted on 
the two diets accounted for the higher urinary energy of subjects on 
the higher-protein diet. Hawks and associates found a correlation of 
0.932 between the calories in urine and nitrogen in the diet. The 
average urinary calorie:nitrogen ratios were the same for each child 
on the two diets. Although both Wang et al. (19) and Forbes et al. 
(21,22) observed a decreased urinary calorie:nitrogen ratio with in-
creased protein intake, it should be pointed out here that the protein 
levels of 3 g./kg. and 4 g./kg. used by Hawks et al. do not actually 
represent a contrast of high- and low-protein diets. Correlation be-
tween values for fecal calories and dry weight of feces was 0.917 for 
subjects on both diets. The increased proportion of calories excreted 
on the high-protein diet indicated that a constant percentage of cal-
ories is not always eliminated in the excreta. 
Moschette (25) studied energy utilization by three groups of 
preadolescent children fed levels of dietary protein ranging from 0.80 
to 2.66 g./kg. of body weight. The daily protein and energy intakes 
ranged from 18 to 88 g. and from 1800 to 2600 Calories, respectively. 
The energy intakes of the subjects appeared ample for their needs with 
individual intakes ranging from 48 to 97 Cal./kg. of body weight. Data 
on urinary energy loss were similar to those of Hawks et al. (24). 
Holt and Fales (26) reported that approximately 6 to 9 per cent of 
the total calories ingested by adults on a mixed diet were lost in 
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the feces and that the energy in the excreta was about equally divided 
between urine and feces. In Moschette's study the ratio of urinary 
Calories to fecal Calories was below unity on the low- and medium-
protein intakes and approached unity on the high-protein intake. The 
energy lost through feces was relatively constant ranging from 3 to 5 
per cent of the intake. The other workers (19,24) also observed a 
relatively constant fecal energy loss but emphasized the trend toward 
greater loss on high-protein diets because of a constant percentage 
absorption. Moschette reported that total energy loss in excreta 
ranged from 98 to 180 Cal./day, and mean losses were 5, 7, and 8 per 
cent of gross intake. She subtracted both the energy needed for basal 
metabolism and the calculated energy need for specific dynamic effect 
from the physiological fuel value of the diet and estimated that the 
energy available for activity and growth was 23 per cent less at the 
high-protein level than at the low level. 
The present study was conducted to investigate possible effects 
of two low levels of dietary protein on calorie utilization of college 
women. 
CHAPTER III 
PROCEDURE 
A human metabolic balance study was conducted during the Fall 
of 1964 at the University of Tennessee, Department of Nutrition. The 
subjects were eight college women enrolled in the College of Home 
Economics, six graduate students and two undergraduates, ranging in 
age from twenty to thirty-five years. This study was one in a series 
of metabolic studies which contribute to the Southern Regional Nutri-
tion Research Project, S-28 (27, 28). The planning of the 1964 study 
involved efforts to keep the diets as similar as possible to those 
used in the previous adult study conducted in 1962. This meant that 
fat levels could not be altered in order to regulate energy intake 
and that calorie supplements could not contain any nutrients that were 
to be kept at the levels of the previous study. 
All subjects were examined by a physician prior to the study 
and pronounced in good physical condition. Twenty-milliliter samples 
of venous blood were taken from each subject prior to the preliminary 
period and at the end of Period 5, and a ten-milliliter sample was 
taken during Period 3. Capillary blood was obtained every three days. 
The samples were used for work with blood lipids. Hemoglobin and 
serum protein levels were determined prior to and at the end of the 
study. Basal metabolic rates were determined for each subject prior 
to and at the end of the study. All subjects kept a dietary intake 
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record during the two weeks prior to the metabolic balance study. 
Weights and heights were recorded prior to the preliminary period, 
and all subjects weighed without shoes and dress before dinner on 
the third and sixth day of each of the six periods. 
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The study consisted of six periods of six days each including 
a preliminary adjustment period followed by five experimental periods. 
Normal meal patterns were followed throughout the study. During the 
preliminary period all subjects received the same diet that supplied 
43 g. of protein daily. Subjects were assigned at random to either 
Diet A or B with four subjects on each diet for the remaining five 
periods. Both diets were planned to provide all nutrients except 
protein at recommended levels (29). Diet A furnished 36 g. of pro-
tein~ whereas Diet B supplied 47 g. daily. At both levels the protein 
consisted of approximately 35 per cent animal protein and 65 per cent 
plant protein. Calculated energy levels (30) supplied by basal Diets 
A and B were 2156 and 2171 Cal./day, respectively. 
Calcium content of the basal diets was low and a supplement 
of approximately 500 mg. was required. As much primary calcium phos-
phate as possible was mixed in such foods as mashed potatoes, cookies, 
and whipped toppings in the hope that absorption of the mineral might 
be improved by such distribution. The remaining calcium required was 
supplied daily by capsules containing .0005 g. of riboflavin and 2.4493 
g. of primary calcium phosphate which raised the level of both calcium 
and riboflavin to meet the recommended allowances (29). Calorie levels 
were adjusted by the addition of Coca-Cola, sugar cubes, and fondant 
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as needed in an attempt to maintain weight of the subjects. Those 
subjects who did not require additional energy were provided a one-
Calorie soft drink, "Tab," produced by the Coca-Cola Bottling Company. 
All food was prepared, weighed, and served in the metabolism 
laboratory kitchen in the Department of Nutrition. Different menus 
were used for each of the six days during a period. The menus for 
Diets A and B served during the first experimental period were re-
peated in each of the four remaining experimental periods and in the 
same sequence. Snacks were provided daily as part of each diet, and 
demineralized water was allowed ad libitum with amounts recorded. The 
calculated daily intakes of all nutrients (30) are presented in Tables 
15 and 16 of the Appendix. The six-day menus for Diets A and Bare 
presented in Tables 17 and 18 of the Appendix. 
Twenty-four hour urine samples were collected with small amounts 
of toluene added for a preservative. A 5 per cent aliquot of the total 
twenty-four hour urine volume was frozen daily, aliquots being added 
to the frozen samples from previous days to yield the six-day composite 
for a period. 
Fecal excretions were frozen as collected, and period delinea-
tion was accomplished by the use of carmine or brilliant blue dye (31) 
as fecal markers. Brilliant blue was taken upon arising on the first 
day of the preliminary period and carmine on the first day of Period l; 
brilliant blue was used for subsequent fecal separation between periods 
because it was more readily seen and made separations easier than when 
carmine was used. The dyes used for fecal separation were combined 
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with methyl cellulose and supplied by capsule. Total individual fecal 
excretions for a period were thawed and composited in a stainless steel 
Waring Blendor with an equal weight of water. The composites were 
frozen for subsequent analysis. 
Food composites were prepared for Diets A and B during each of 
the six-day periods. Separate pooled composites of fondant, coffee, 
margarine,and Coca-Cola were prepared during the study. At the time 
each food or beverage was served, an additional one-half serving was 
weighed and transferred to a four-quart polyethylene jar which was re-
frigerated between meals. Foods for Days 1, 2, and 3 were pooled and 
frozen; foods for Days 4, 5, and 6 of a period were collected, trans-
ferred to a Waring Blendor jar at the end of the period, made to a 
definite weight with water and homogenized. One-half of this slurry 
was blended with one-half of the first three-day composite that had 
been thawed, made to the same weight, and homogenized. Six-day food 
composites for each of the diets were prepared in this manner and 
were frozen in one-pint polyethylene freezer cartons for analysis. 
Average daily energy intake and excretion were determined for 
all subjects during Periods 1, 3, and 5. Aliquots of the thawed food, 
fecal, fondant, Coca-Cola, coffee, and margarine composites were 
weighed into small weighed aluminum pans and air dried in a Precision 
Scientific convection oven at approximately 67°C., then dried to con-
stant weight in a Precision Scientific vacuum oven, Model 524, at 60°C. 
Appropriate aliquots of urine composites were measured into volumetric 
flasks and quantitatively transferred in small portions to aluminum 
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pans during evaporation in the convection oven. Dried urine samples 
were also brought to constant weight in the vacuum oven. All dried 
samples were finely ground in a Wiley-Mill? passed through a sixty-
mesh screen, and redried to constant weight. Dried, ground samples 
weighing 0.8 g. were then burned in a Parr Adiabatic Bomb Calorimeter. 
After each sample was burned, the bomb unit was washed with distilled 
water, and the washings were titrated with 0.075 N, sodium carbonate 
in order to determine a calorie correction for oxidized nitrogen (32). 
Sulfur determinations by the photometric method of Hakkinen and 
Hakkinen (33) were made on a few of the oxidized, titrated urine, 
fecal, and food samples for each diet and each period in order to de-
termine if it was necessary to make a calorie correction for sulfur. 
Another student (34) concerned with the metabolism study determined 
the nitrogen balances for all subjects in each period by the macro-
Kjeldahl method using aliquots of the frozen food, fecal, and urine 
samples. 
CHAPTER IV 
RESULTS AND DISCUSSION 
Metabolic balance experiments on human subjects are difficult to 
carry out because of the inconvenience to the subjects of the conditions 
that must be imposed in order to secure the necessary data. One condi-
tion that applies here is the great difference between the experimental 
diets and the diets to which subjects are accustomed, and this is par-
ticularly true of low-protein diets. In the present study four college 
women were fed Diet A containing 36 g. of protein daily and supplying 
other nutrients at recommended levels. Another four subjects received 
Diet B providing 47 g. of protein daily. An important advantage of 
the present study was that the diets consisted of natural foods and 
that normal meal patterns were followed. The principal difficulties 
other than the inconvenience of a controlled regime were the relativel~ 
large amounts of visible fat in the diets and the sweetness of .the 
energy supplements. 
A description of the subjects wi~h reference to age and height, 
weight and basal energy expenditure recorded prior to and at the end 
of the study is presented in Table 1. The weight of each subject re-
corded on the third day of the first experimental period was considered 
the initial weight because the weights recorded on Day 6 of the pre-
liminary period appeared erroneous. The subjects remained in good 
health throughout the five-week experimental period. Weight fluctu-
ations of approximately 1 kg. were characteristic of all subjects 
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Subject 
Diet A 
---
RL 
~ 
CP 
RS 
Diet B 
---
PM 
EP 
F.R 
BT 
TABLE l 
AGE, HEIGHT, WEIGHT, AND BASAL ENERGY EXPENDITURE 
OF SUBJECTS FED DIETS A AND B 
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Basal Energy Weight 
Age Height Initial Final Initial Final 
yr. in. Cal,/24 hrs, kg. 
24 64. 75 1536 1720 70.1 69.4 
20 65.25 1359 1370 54,3 54.2 
21 67.25 1463 1398 61. 0 59.9 
24 64.00 1212 1080 45.4 44.8 
35 63.00 1740 a 62.6 62.7 
26 65.00 1560 1603 83.1 81. 7 
29 66.25 1477 1470 63.2 02.8 
21 66.25 1317 1407 61. 8 60.6 
~easurements were irregular and not in agreement. 
20 
during the study. The weights recorded on Days 3 and 6 of each experi-
mental period are presented in Table 2. 
The analyzed energy contents of Diets A and B were 2300 and 2303 
Cal./day, respectively. The customary calorie consumption of all but 
two of the subjects, calculated from the diet records kept prior to 
the study, was considerably lower (Table 3). Average intakes recorded 
by subjects CP and RL were 2364 and 2450 Cal./day. The low energy 
values calculated for the diets of several subjects strongly suggest 
underestimation of the sizes of servings eaten. Calorie supplements 
were given to those subjects showing more than temporary weight loss, 
and the amount lost during the study did not appear excessive (Table 
2). Calorie supplements received by the subjects on Diets A and B 
during all experimental periods and the analyzed energy value of the 
supplements expressed as Cal./day are shown in Tables 4 and 5. The 
fondant used as an energy supplement was made of sucrose and corn 
syrup with added color and flavoring. Some subjects used in their 
coffee Domino sugar cubes stated to supply 9 Cal./cube. It seemed 
slightly more difficult for subjects on Diet A to maintain weight 
than those on Diet B even though average basal energy expenditure for 
the two groups was approximately the same (Table 1). Although the sub-
jects were assigned to the diets at random, those on Diet A were the 
more active subjects during the study. A calorie supplement in the fo~ 
of an additional Coca-Cola was introduced for subjects CP and MM (Diet 
A) during Period 2; and all subjects for the study except HR on Diet 
B, who required no supplements at any time, received extra calories 
TABLE 2 
WEIGHTS (KG.) OF SUBJECTS DURING EXPERIMENTAL PERIODS 
Period 1 Period 2 Period 3 Period 4 
Subject Day 3 Day 6 Day 3 Day 6 Day 3 Day 6 Day 3 Day 6 
Diet A 
---
RL 70.1 70.1 70.1 69.8 69.4 69.6 69. 3 69.0 
MM 54.3 54.5 54.4 54.0 53.8 54.1 54.0 54.3 
CP 61. 0 60.4 60. 3 60.2 59.8 59.8 59.6 59.4 
RS 45.4 44.8 45.1 45.0 44.3 44.8 45.4 45.0 
Diet B 
---
PM 62. 6 62.7 63.5 62.3 62.3 62.3 61. 9 62.5 
EP 83.1 82.3 82.6 81.6 82.0 82.0 81. 6 81.4 
HR 63.2 64.1 63.2 62.8 62. 6 62.7 62.8 62.3 
BT 61. 8 61.8 61. 6 61.4 60.6 60.9 60.6 60.6 
Period 5 
Day 3 Day 6 
69.5 69.4 
54.5 54.2 
59.8 59.9 
44.4 44.8 
62.6 62.7 
81. 7 81. 7 
62.7 62.8 
60.9 60.6 
N 
..... 
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TABLE 3 
CALCUIATED CALORIE AND PROTEIN INTAKES AND BODY WEIGHTS OF SUBJECTS 
DURING THE TWO WEEKS PRIOR TO THE EXPERIMENT 
Week 1 Week 2 Week 1 Week 2 
Intake per 24 hrs. Weight 
Subject Energy Protein Energy Protein Initial Final 
Cal. g. Cal. g. k~. kg. 
Diet A 
---
RL 2478 95 2424 98 70.0 70.5 
MM 1818 88 1547 82 55.0 55.0 
CPa 2364 74 61.0 
RS 1-745 65 1681 48 44.8 44.3 
Diet B 
---
PM 1827 87 2003 88 63.0 62.7 
. 
EP 1771 70 1894 78 82.5 82.8 
HR 1908 64 2029 68 62.0 63.0 
BT 1557 71 1309 60 61.1 60.4 
aSubject was selected one week prior to study. 
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TABLE 4 
ENERGY SUPPLEMENTS TO MAINTAIN WEIGHTS OF SUBJECTS ON DIET A 
Supplements per Calories/ Supplements per Calories/ 
Period period 24 hrs. period 24 hrs. 
Subject RL Subject MM 
1 37 sugar cubesa 56 1 sugar cube 1 
2 37 sugar cubes 56 3 Coca-Colas 63 
3 37 sugar cubes 
6 Coca-Colasb 6 Coca-Colas 
150 g. fondantc 273 150 g. fondant 218 
4 37 sugar cubes 
6 Coca-Colas 6 Coca-Colas 
360 g. fondant 365 300 g. fondant 309 
5 37 sugar cubes 
5 Coca-Colas 6 Coca-Colas 
360 g. fondant 344 300 g. fondant 309 
Period 
1 
2 
3 
4 
5 
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TABLE 4 (CONTINUED) 
Supplements per Calories/ Supplements per Calories/ 
period 24 hr~. period 24 hrs. 
Subject CP Subject RS 
8 sugar cubes 11 38 sugar cubes 57 
22 sugar cubes 45 sugar cubes 67 
3 Coca-Colas 96 
36 sugar cubes 38 sugar cubes 
6 Coca-Colas 6 Coca-Colas 
250 g. fondant 332 150 g. fondant 277 
36 sugar cubes 36 sugar cubes 
6 Coca-Colas 6 Coca-Colas 
420 g. fondant 436 180 g. fondant 290 
36 sugar cubes 36 sugar cubes 
6 Coca-Colas 6 Coca-Colas 
420 g. fondant 436 234 g. fondant 345 
aSugar - 9 Cal./cube (Domino Sugar, American Refining Company). 
bcoca-Cola - 126.0 Cal./10 oz. bottle, analyzed. 
cFondant - 3.7 Cal./g., analyzed. 
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TABLE 5 
ENERGY SUPPLEMENTS TO MAINTAIN WEIGHTS OF SUBJECTS ON DIET B 
Supplements per Calories/ Supplements per Calories/ 
Period period 24 hrs. eeri.od 24 hrs. 
Subject PM Subject EP 
1 6 Tabsa 1 
2 6 Tabs 1 
3 6 Coca-Colasb 6 Coca-Colas 126 
150 g. fondantc 217 
4 12 Coca-Colas 12 Coca-Colas 252 
180 g. fondant 362 
5 12 Coca-Colas 12 Coca-Colas 252 
180 g. fondant 362 
Period 
1 
2 
3 
4 
5 
TABLE 5 ( CONTI NUF.D) 
Supplements per Calories/ Supplements per 
period 24 hrs. period 
Subject HR Subject 
6 Tabs 1 6 Tabs 
6 Tabs 1 6 Tabs 
6 Tabs 1 6 Coca-Colas 
150 g. fondant 
6 Tabs 1 6 Coca-Colas 
180 g. fondant 
6 Tabs 1 6 Coca-Colas 
180 g. fondant 
aTab - 1 Cal./10 oz. bottle, calculated. 
b Coca-Cola - 126.0 Cal./10 oz. bottle, analyzed. 
cFondant - 3.7 Cal./g., analyzed. 
26 
Calories/ 
24 hrs. 
BT 
1 
1 
217 
236 
236 
27 
during Period 3. Supplements were increased for the remaining periods, 
and during Period 5 all subjects were receiving approximately the same 
caloric intake except HR (Diet B) and CP (Diet A). Bricker et al. 
(13) reported that an average intake of 45 Cal./kg. of body weight 
per day maintained the weight of college women subjects at all levels 
of nitrogen intake studied. The gross energy and Cal./kg. intakes of 
all subjects are listed in Table 6. Three subjects CP, MM, and RS 
(Diet A) reached the level reported by Bricker et al. and had intakes 
of 46, 48, and 59 Cal./kg. respectively. 
The Parr Adiabatic Bomb Calorimeter was used for energy deter-
minations on all food, fecal, and urine composites. The calorimeter 
was standardized with benzoic acid, and replication by the instrument 
was periodically determined by this standardization procedure. Four 
measurements were made at intervals to determine the energy value of 
benzoic acid provided by the Parr Instrument Company, and replications 
were accomplished with a 0.2 per cent deviation. Duplication of energy 
values on food and fecal composites was equally as good as the standard 
replications, but the average per cent deviation of values obtained 
on dried urine samples was 0.84. Dried urine samples were the most 
difficult to work with because of their hydroscopic nature which prob-
ably explains the higher variation in energy determinations. 
Analysis for sulfur in titrated, oxidized samples of food, feces, 
and urine indicated that the clorie correction was negligible; and 
this correction has not been made for the analyzed energy values. The 
sulfur correction was determined on urine and fecal samples for one 
28 
TABLE 6 
GROSS ENERGY INTAKE EXPRESSED AS CAL./KG. 
Sub- Cal./ Sub- Cal./ 
Period ject Gross energy kg. ject Gross energy g. 
Cal. /24 hrs. Cal./24 hrs. 
Diet A Diet B 
--- ---
1 RL 2379 34 PM 2321 37 
3 2567 37 2508 40 
5 2666 38 2661 42 
1 MM 2325 42 EP 2322 28 
3 2449 45 2416 29 
5 2594 48 2551 31 
1 CP 2334 38 HR 2322 36 
3 2627 44 2291 37 
5 2722 46 2300 37 
1 RS 2380 53 BT 2322 38 
3 2572 58 2508 41 
5 2631 59 2535 42 
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subject on each diet and for corresponding food composites. The 
average sulfur in urine and feces was 2.1 and 2.0 per cent of the dry 
sample respectively, and the correction would decrease the energy 
value approximately 1 Cal./24 hours. Sulfur represented approximately 
0.5 per cent of the dry food composites; use of the correction would 
decrease the energy value of the diets 3 Cal./24 hours. The nitrogen 
oxidation correction determined for all samples represented a decrease 
of approximately 1 Cal./day for urine and feces and 5 Cal./day for 
food. The nitrogen correction is routine in determinations of heat of 
combustion and was applied to all analyses reported in this paper. 
The analyzed values for average daily calorie intake including 
supplements and for average daily excretion in urine and feces for 
subjects on Diets A and Bare presented in Tables 7 and 8. Also re-
corded is metabolizable energy determined by subtracting the energy 
of the excreta from the gross energy intake. This value represents 
the calories available to the body for basal metabolism, specific 
dynamic action of foods, growth, and activity. 
Energy excreted in the urine was the same for subjects at the 
two protein levels (P >.OS) (36). Mean urinary Calorie excretions for 
Diets A and B were 50 ± 4.2 and 47 ± 3.5 respectively, representing 
2.0 per cent of the gross energy intake as shown in Table 9. Fecal 
calories also reflect lack of a difference between subjects on Diet 
A and B (P>.OS) with mean excretions of 95 ± 20.0 and 103 ± 14.9 
Calories respectively. Per cent of the gross energy intake represented 
by fecal energy excretion was 3.8 for Diet A subjects and 4.3 for Diet 
Period 
1 
3 
5 
Mean 
S.D. 
1 
3 
5 
Mean 
S.D. 
TABLE 7 
CALORIE INTAKE AND EXCRETION AND METABOLIZABLE ENERGY OF INDIVIDUAL SUBJECTS 
(DIET A) 
Calories Per 24 Hours 
Intake Urine Feces M. ener~ia Intake Urine Feces 
Subject RL Subject MM 
2379 54 85 2239 2325 47 124 
2567 54 112 2401 2449 51 102 
2666 53 108 2504 2594 48 119 
2537 54 102 2381 2456 48 us 
'.:119.1 :o.6 :11. 9 :109.0 ~109. 9 :1. 8 :23.8 
Subject CP Subject RS 
2334 52 88 2194 2380 45 79 
2627 52 64 2511 2572 42 92 
2722 56 62b 2603 2631 47 101 
2561 54 71 2436 2528 45 91 
::!:165.1 !2.3 !11. 8 :175.2 :!:107.1 :4. 7 !18.7 
aMetabolizable energy= intake - urinary and fecal excretion (Cal./24 hours). 
bAverage of Periods 4 and 5. 
M. energya 
2154 
2296 
2428 
2293 
:111. 8 
2256 
2438 
2483 
2392 
!98.1 
w 
0 
Period 
1 
3 
5 
Mean 
S.D. 
1 
3 
5 
Mean 
S.D. 
TABLE 8 
CALORIE INTAKE AND EXCRETION AND METABOLIZABLE ENERGY OF INDIVIDUAL SUBJECTS 
(DIET B) 
Calories Per 24 Hours 
Intake Urine Feces M. energ_E Intake Urine Feces 
Subject PM Subject EP 
2321 46 97 2178 2322 49 101 
2508 52 100 2356 2416 48 104 
2661 50 115 2496 2551 48 llO 
2497 so 104 2346 2430 48 105 
:!:139.0 :!:2. 6 !7.9 :!:134. 9 :!:94.0 :!:0.6 !3. 7 
Subject HR Subject BT 
2322 44 124 2154 2322 39 113 
2291 51 91 2148 2508 44 94 
2300 47 120 2133 2535 47 69 
2304 48 112 2145 2455 43 92 
!13.0 :!:2. 9 :t 14. 7 :!:8.8 Z:94. 7 :!::3. 3 Z:18.0 
8Metabolizable energy= intake - urinary and fecal excretion (Cal./24 hours). 
M. energya 
2172 
2264 
2394 
2277 
:':91.1 
2169 
2370 
2419 
2319 
Z:181. 7 
v,) 
..... 
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TABLE 9 
PER CENT UTILIZATION OF GROSS ENERGY INTAKE 
Excretion Calorie 
Subject Period Urine Feces utilization 
Per cent of gross energy intake Per cent 
Diet A 
---
RL 1 2.3 3.6 94.1 
3 2.1 4.3 93. 5 
5 2.0 4.0 94.0 
MM 1 2.0 5.3 92.7 
3 2.1 4.2 93.7 
5 1. 8 4.6 93.4 
CP 1 2.2 3.8 94.0 
3 2.0 2.4 95.6 
5 2.1 2.3 95.7 
RS 1 1. 9 3.3 94.8 
3 1. 6 3.6 94.8 
5 1. 8 3.8 94.4 
Mean 2.0 3.8 94.2 
S.D. ±.19 ±. 85 + .89 
Diet B 
---
PM 1 2.0 4.2 93.8 
3 2.1 4.0 94.0 
5 1. 9 4.3 93.8 
EP 1 2.1 4.3 93.5 
3 2.0 4.3 93.7 
5 1. 9 4.3 93.8 
HR 1 1.9 2.2 92.8 
3 2.2 4.0 93.8 
5 2.0 5.2 92.7 
BT 1 1. 7 4.9 93.4 
3 1. 7 3.8 94.5 
5 1. 8 2. 7 95.4 
Mean 2.0 4.3 93.7 
S.D. ±.17 ±.86 ± .71 
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B subjects (Table 9). In this study approximately twice as many cal-
ories were lost in feces as in urine although other workers (26) re-
ported that in adults the energy value of excreta is about equally 
divided between urine and feces. Moschette (25) found a trend toward 
unity in the ratio of urinary to fecal calories as protein intakes of 
preadolescent girls were increased from low to medium to high levels. 
Data indicate that calories were utilized equally well by sub-
jects receiving 36 g. of protein daily and those receiving 47 g. The 
mean per cent calorie utilization by subjects on Diets A and B was 
94.2 + .89 and 93. 7 ± . 71 respectively (Table 9). Wang et al. (19) 
observed a.practically constant percentage utilization by children 
and concluded that it was entirely independent of total energy intake, 
fecal weight, or actual loss of heat in feces alone or in both feces 
and urine. 
Individual nitrogen balance data are presented in Tables 10 and 
11 (34). Mean nitrogen balances for all periods were negative for sub-
jects receiving Diet A with the exception of RS who was in equilibrium. 
Equilibrium as used here is considered as falling within ! 5 per cep.t 
of the intake (37). All subjects on Diet A had reached nitrogen equi-
librium by the fourth period except RS who had a high nitrogen output 
in urine and was in negative balance. During Period 5 all subjects 
on Diet A were in positive balance except RL who was in equilibrium. 
·Indications are that an adaptation to the protein quantity and qual-
ity or increased protein utilization because of the increased energy 
or botn may have been responsible. The calculated pre-experimental 
Period 
1 
2 
3 
4 
5 
Mean 
S.D. 
1 
2 
3 
4 
5 
Mean 
S.D. 
Intakeb 
5.68 
5.84 
5.76 
5.85 
6.12 
5.85 
±0.08 
5.68 
5.86 
5.76 
5.85 
6.12 
--
5.85 
:!:0.08 
Urine 
TABLE 10 
INDIVIDUAL NITROGEN BAIANCESa 
(DIET A) 
Nitrogen (g./24 hr.) 
Feces Balance Intakeb 
Subj_ect RL 
5.20 1. 3; -0.89 5.68 
4. 74 1.14 -0.04 5.86 
5.84 1. 36 -1.44 5.76 
4. 32 1. 62 -0.09 5.85 
4. 72 1.45 -0.06 6.12 
--
4.96 1. 39 -0.50 5.85 
±0.26 ±0.24 ±o. 28 ±0.08 
Subj_~ct CP 
5.90 0.93 -0.98 5.68 
6.28 1. 26 -1. 68 5.84 
5.40 0.70 -0.33 5.76 
4.91 0.91 0.03 5.85 
5.05 0.37 0.70 6.12 
5.51 0.84 -0.46 5.85 
:to·~ os , :!:0.15 :!:0.41 :!:0.08 
8 Reproduced by permission of V. T. B. Gomez (34). 
brntake includes coffee and carbonated drinks. 
"' 
Urine Feces Balance 
Subject :t1M 
6.36 1.43 -2.11 
4. 60 L33 -0.07 
5.14 1.46 -0.84 
4.41 1. 32 0.11 
4.34 1. 33 0.45 
--
4.97 1. 37 -0.49 
±0.37 ±0.03 ±0.46 
Subject RS 
4.95 0.92 -0.19 
5.30 1.17 -0.63 
3.97 1.42 0.37 
5.90 1. 30 -1. 36 
4.26 1.19 0.66 
4. 78 1. 20 -0.23 
:!:0.35 :!::0.08 :to. 36 
w 
+:" 
Period 
1 
2 
3 
4 
5 
Mean 
S.D. 
1 
2 
3 
4 
5 
Mean 
S.D. 
Intakeb 
7.57 
7.82 
7.66 
7o83 
7.99 
7.78 
:!:o. 07 
7.59 
7.84 
7.66 
7.82 
7.98 
7.79 
::0.07 
Urine 
TABLE 11 
INDIVIDUAL NITROGEN BAIANCESa 
(DIET B) 
Nitrogen (g./24 hr.) 
Feces Balance Intakeb 
Subj~! PM 
5.93 1. 30 0.34 7o59 
8.12 0. 77 -1. 07 7,84 
6.29 1.17 0.19 7.66 
6.29 1.47 0.08 7 ,. 83 
5.75 1. 25 1. 00 7.89 
---
6.48 1.19 0.11 7.76 
±0.42 !0,12 ±0.34 ±0.06 
Subject HR 
5.26 1. 81 0.52 7.59 
7.70 0.98 -0.84 7.84 
6.27 1. 06 0.33 7.66 
5.92 1.14 0. 76 7.81 
5.85 1. 24 0.89 7.98 
-- -- ---
6.20 1. 25 0.33 7.77 
~0.41 !0.15 !0.31 ~0.07 
aReproduced by permission of V. Tc B. Gomez (34). 
brntake includes coffee and carbonated drinks. 
Urine Feces Balance 
Subject EP 
6.95 1.11 -0.47 
5.81 1.36 0.67 
6.37 1.23 0.05 
5.91 1. 25 0.68 
5.94 1. 53 0.41 
6.19 1. 30 0.27 
±o. 21 :t0.17 :to. 22 
Subject BT 
4.97 1,46 1.15 
5.74 l. ll 1. 00 
5.94 1.18 0.54 
5.87 1. 22 0.72 
6.13 0.78 1. 06 
5.73 1.15 0.90 
!0.20 !0.11 ~0.11 
w 
V, 
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protein intakes of subjects assigned to Diets A and B averaged 79 and 
73 g./day, respectively (Table 3), with a high percentage from animal 
sources. The purpose of the preliminary period of the study during 
which all subjects received 43 g. of protein daily was to allow for 
adjustment to a relatively low protein intake. It has been reported 
that subjects can adapt to low quantity and quality of protein in the 
diet (14,15), but nitrogen balance data raise the question whether six 
days was sufficient time for the subjects of this study to adjust from 
their normal protein intakes to the levels and quality provided by the 
experimental diets. Work reported by Bricker et al. (13) indicated 
that college women maintained positive nitrogen balances for a period 
of ten weeks on an average of 32 g. of protein daily supplied by 70 
per cent cereal protein. This was after the subjects had received very 
low protein intakes for three 10-15 day periods. 
Mean nitrogen balances for all periods were at equilibrium for 
subjects receiving Diet B (Table 11) except BT who was in positive 
balance during all experimental periods. All subjects on Diet B were 
in negative balance during the preliminary period except BT who was in 
equilibrium. Three of the four subjects were in negative balance during 
either Period 1 or Period 2 when urinary nitrogen was unusually high, 
possibly because they had not completely adjusted !o the low-protein 
intake during the preliminary period. All subjects were in positive 
balance during Periods 4 and 5 except PM who was in equilibrium during 
Period 4. The protein of Diets A and B was approximately 65 per cent 
of plant origin, and indications are that an intake of 47 g. of protein 
37 
daily was adequate for nitrogen equilibrium after a short adjustment 
periodo The intake of 36 go daily appeared borderline for subjects 
fed Diet A. 
Any influence of protein intake on energy utilization should 
be reflected in a relationship between nitr~en intake and calorie 
excretion in urine and/or feces. Consequently urinary or fecal nitro-
gen should be correlated with the corresponding energy value. Hawks 
et al. (24) reported a correlation of 0.932 between nitrogen in the 
diet and urinary calories when children were fed relatively high 
levels of 3 and 4 g. of protein per kg. In this study no relationship 
was found between urinary calories and either dietary or urinary nitro-
gen or between fecal energy and either dietary or fecal nitrogen. In 
the present study there was little difference in the energy value of 
urine of those on the two diets (Tables 7 and 8). Calorie-nitrogen 
ratios in urine tended to increase from period to period for all sub-
jects because of the relatively constant energy value of urine and 
the decreasing nitrogen excretion. The average Calorie~nitrogen ratio 
for subjects on Diet A was 10:1 and 8:1 for subjects on Diet B. This 
difference in ratio cannot be attributed to real differences in calorie 
value of urine but rather to the higher nitrogen excretion by subjects 
on the higher-protein diet. 
Atwater (38) reported the average energy value of a gram of 
urinary nitrogen to be 7.9 Cal. He calculated this ratio from 16 metab-
olism experiments during which normal healthy men were fed mixed diets. 
This value was based on the assumption that all urinary energy loss 
is attributed to incomplete oxidation of protein by the body. Al-
though the mean urinary Calorie-nitrogen ratio by those on Diet A 
38 
and B was 10 and 8 respectively, variation from subject to subject 
was such that application of Atwater's value of 7.9 Cal./g. of urinary 
nitrogen to calculate the energy value gave a result higher than the 
actual analytical value. It is impossible to say exactly what the 
reason is for this difference. The distribution of nitrogenous mate-
rial in the urine might be different. Lusk (39) discussed the in-
fluence of the composition of the diet on the energy value of the 
urinary nitrogen excreted. Another source (38) suggested that the 
calorie value of a gram of urinary nitrogen may be affected by the 
nitrogen balance or by a high fruit diet. 
Bernstein et al. (40) determined the value of a gram of urinary 
nitrogen to be 6.28 Cal. when a mixed diet was fed. They suggest that 
urinary energy loss consists of a non~nitrogenous loss and a loss of 
calories related to protein intake and hence to nitrogen excretion. 
Other workers (19,24) have determined the energy value of urea in 
urine and concluded that increased calories excreted in the urine by 
subjects on high-protein diets could be attributed to the higher con-
centration of nitrogenous substances in the urine. 
In this study fecal calories were not related to dietary or 
fecal nitrogen. The regression of energy lost in feces on fecal dry 
matter was highly significant (P<0.001) (36) (Table 12). Hawks et 
al. (24) observed the same relationship with a correlation of 0.917 
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TABLE 12 
VARIATION OF ENERGY EXCRETION WITH DRY MATTER IN FECESa 
Sub- Sub-
Period ject Dry matter Energy ject Dry matter Energy 
g./24 hrs. Cal. /24 hrs. g./24 hrs. Cal. /24 hrs. 
Diet A Diet B 
--- ---
1 RL 16.5 85 PM 20.6 97 
3 21. 5 112 31. 2 100 
5 20.9 108 24.0 ll5 
1 M1'.1 24.8 124 EP 19.3 101 
3 20.6 102 32.0 104 
5 24.5 119 20.4 llO 
1 CP 17.5 88 HR 31.5 124 
3 12.4 64 18.3 91 
5 16.6 62 24.2 120 
1 RS 16. 5 79 BT 22.8 113 
3 19.2 92 19.3 94 
5 21. 2 101 13.7 69 
---
Mean 19.4 94.7 23.1 103.2 
S.D. ±3.6 ±20.0 ±S.8 ±4.7 
ay = 45.59 + 2.52X; P<~0.001 (36). 
Y = Fecal energy (Cal./24 hrs.). 
X = Dry matter in feces (g./24 hrs.). 
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for both the high- and low-protein diets of their study. 
Actually there was little difference in the two diets used in 
this study except for the slightly higher protein level of Diet B. 
Diet A had a corresponding slightly higher amount of carbohydrate, 
and fat level was the same for both groups. Calorie intake from 
carbohydrate was the only other variable increasing in a stepwise 
fashion for all subjects except HR; and after subjects adapted to the 
dietary protein, the metabolizable energy was almost the same for both 
groups because of the similar energy intake and excretion. Average 
gross energy intake of subjects on Diet A was 100 Cal. above that for 
Diet Band may be attributed to the fact that subject HR (Diet B) 
never received more than 2322 Cal. whereas CP (Diet A) began energy 
supplements during Period 2 and had the highest calorie intake of all. 
Metabolizable energy was significantly influenced (P<0.001) (36) by 
the gross energy intake (Table 13), increasing proportionally as 
energy supplements increased. This relationship also reflects the 
relatively constant per cent of calorie utilization on both diets. 
The basal energy expenditure of the subjects did not change 
during the study (Table l); basal needs ranged from 1146 to 1648 for 
subjects on Diet A and 1362 to 1740 Cal./day for those on Diet B. A 
comparison of available energy with basal energy needs is presented 
in Table 14. The basal energy expenditure was obtained by averaging 
four six-minute measurements taken prior to and at the end of the study. 
In every case the metabolizable energy exceeded basal requirements by 
several hundred Calories. Subject RL, who was overweight, received 
Period 
1 
3 
5 
1 
3 
5 
1 
3 
5 
1 
3 
5 
Mean 
S.D. 
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TABLE 13 
VARIATION OF METABOLIZABLE ENERGY WITH GROSS ENERGY INTAKE8 
Gross Metab. 
Subject energy energy Subject 
Cal. /24 hrs. 
Diet A 
---
RL 2379 2239 PM 
2567 2401 
2666 2504 
MM 2325 2154 EP 
2449 2296 
2594 2428 
CP 2334 2194 HR 
2627 2511 
2722 2603 
RS 2380 2256 BT 
2572 2438 
2631 2483 
2520 2376 
±146 :!:144 
ay = -206.44 + 1.02X; P<0.001 (36). 
Y = Metabolizable energy (Cal./24 hrs.). 
X = Gross energy intake (Cal./24 hrs.). 
Gross Metab. 
ener~y ener~y 
Cal. /24 hrs. 
Diet B 
---
2321 2178 
2508 2356 
2661 2496 
2322 2172 
2416 2264 
2551 2394 
2322 2154 
2291 2148 
2300 2133 
2322 2169 
2508 2370 
2535 2419 
2421 2419 
:!:156 :!:128 
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TABLE 14 
METABOLIZABLE ENERGY PER CALORIE OF BASAL EXPENDITURE 
M.E./ M.E./ 
Sub- Basal Metab. basal Sub- Basal Metab. basal 
Period ject energya energy Cal. ject energ:z::.a energy Cal. 
Cal. /24 hrs. Cal. /24 hrs. 
-- - -
-
Diet A Diet B 
--- ---
1 RL 1628 2239 1.4 PM 1740 2178 1.2 
3 2401 1. 5 2356 1.4 
5 2504 1. 5 2496 1.4 
1 MM 1364 2+54 1. 6 EP 1581 2172 1.4 
3 2296 1. 7 2264 1.4 
5 2428 1. 8 2394 1. 5 
1 GP 1430 2194 1. 5 HR 1474 2154 1. 5 
3 2511 1. 8 2148 1. 5 
5 2603 1. 8 2133 1.4 
1 RS 1146 2256 2.0 BT 1362 2169 1. 6 
3 2438 2.1 2370 1. 7 
5 2483 2.2 2419 1. 8 
Mean 1. 7 1. 5 
aAverage of determinations prior to and at the end of the study. 
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daily 1.5 times her basal expenditure; Subject :MM received 1.7 times 
her basal energy requirements. Subject CP, who lost weight, had from 
1.5 to 1.8 times her pasal need supplied; and the energy intake of RS 
doubled her basal energy expenditure. Subject PM on Diet B received 
from 300 to 700 Calories in excess of basal requirements. Subjects 
HR and BT received 1.5 and 1.4 times their basal needs respectively. 
Subject EP, who was obese and lost weight, was supplied from 400 to 
700 Calories in excess of her basal requirement. The mean metaboliz-
able energy per bas~l Calorie was 1.7 and 1.5 for subjects on Diets A 
and B respectively, and the difficulty in maintaining weight was prob-
ably due to subjects' activity or overweight condition rather than the 
nature of the diet. The two subjects who exhibited notable activity 
were CP and RS. 
Under the conditions of this study the level of dietary protein 
had no influence on calorie utilization. Metabolizable energy of sub-
jects receiving diets containing 36 g. of protein daily and those re-
ceiving 47 g. was the same. Both of these protein levels are considered 
low, and these results do not preclude the possibility that calorie 
utilization might be altered by a greater spread in protein intake. 
The data do not substantiate the suggestion that the lower protein in-
take of subjects on Diet A influenced their calorie requirements. 
CHAPTER V 
SUMMARY 
The influence of dietary protein on the efficiency of energy 
utilization in college women was investigated in a human metabolic 
balance experiment conducted during the Fall of 1964 at the Univer-
sity of Tennessee. The study consisted of a six-day preliminary ad-
justment period followed by five six-day experimental periods during 
which two groups of four college women each consumed low-protein 
diets. The protein was largely from plant sources with one group re-
ceiving 36 g. daily (Diet A) and the other 47 g. (Diet B). Other 
nutrients were provided at recommended levels, and calorie intake was 
adjusted in an attempt to maintain subjects' weights. 
The Parr Adiabatic Bomb Calorimeter was used to determine the 
energy content of dried food, fecal, and urine samples collected in 
~eriods 1, 3, and 5. The basal Diets A and B provided 2300 and 2303 
Cal./day respectively. All subjects except one on Diet B required 
calorie supplements, added stepwise, in order to maintain weight. 
During Period 5 subjects were receiving 300-400 Cal./day above the 
level provided by the basal diets. 
Nitrogen balance data indicated that the protein intake of 36 
g. daily was borderline, and that 47 g. was adequate after a short ad-
justment period. Analyzed energy content of urine and feces revealed 
that all subjects excreted 2 per cent of the gross energy intake in 
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the urine and approximately 4 per cent in the feces. Calorie excre-
tions were the same for subjects on Diets A and B. Calories were 
utilized equally well by subjects at the two protein levels. 
No relationship was found between urinary calories and either 
dietary or urinary nitrogen or between fecal energy and either dietary 
or fecal nitrogen. As dry matter of the feces increased, fecal cal-
ories increased (P< 0.001). Metabolizable energy calculated by sub-
tracting energy in the excreta from total intake was significantly 
related to the gross energy intake and increased as calorie intake 
increased (P<0.001), reflecting a constant per cent of calorie util-
ization. Basal energy expenditure of the subjects did not change 
during the study, and from 1.2 to 2.2 times the basal need was pro-
vided by the metabolizable energy. 
The lack of an influence of nitrogen intake or excretion on 
calories in feces and urine and the fact that metabolizable energy of 
subjects on both diets was the same and supplied from 1.2 to 2.2 times 
basal needs indicated that dietary protein did not influence calorie 
utilization under the conditions of this experiment. However protein 
intakes of 36 and 47 g. daily were both relatively low, and the data 
do not exclude the possibility that calorie utilization might be 
affected when protein intakes differ widely. 
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APPENDIX 
TABLE 15 
CAlCUIATED DAILY NUTRIENT INTAKE (DIET A) 
Proteina Total Thia- Ribo- Ascorbic 
Cal. A V fat Ca p Iron Vit. A mine flavin Niacin acid 
g. g. mg. mg. mg. LU. mg. mg. mg. mg. 
Day l 2238 14.2 24.5 102 514 900 9.5 5071 1. 26 1.07 9.0 58 
Day 2 2174 10.5 23.9 105 518 781 12.6 5862 1. 02 1.15 10.3 95 
Day 3 2180 12.8 24.4 96 536 843 9.4 4904 o. 77 0.83 8.2 73 
Day 4 2070 11.4 23.3 104 430 727 10.4 5675 1. 09 1.14 10.7 94 
Day 5 2039 1L3 22.6 93 473 779 10.8 4538 0.82 0.71 8.3 75 
Day 6 2257 10.9 24.8 106 598 927 10.3 5936 0.96 1.11 10.8 110 
--
Ave./day 
basal diet 2160 12 24 101 512 826 10.5 5331 0.99 1. 00 9.6 84 
Supplementb 510 869 0.5 
Total/day 2160 12 24 101 1022 1695 10.5 5331 0.99 1. so 9.6 84 
aAmounts of protein from animal and vegetable sources. 
b420 I.U. of Vit. D/day were provided also by addition of Drisdol to the breakfast juice. 
\J1 
N 
TABLE 16 
CALCULATED DAILY NUTRIENT INTAKE (DIET B) 
Proteina Total Thia- Ribo- Ascorbic 
Cal. A V fat ca p Iron Vit. A mine flavin Niacin acid 
g. g. mg. mg. mg. I. u. mg. mg. mg. mg. 
Day 1 2190 16.5 30,3 104 548 1003 9,3 5195 0.86 0.87 10.2 90 
Day 2 2265 17.5 29.5 106 584 968 10.5 5701 1. 28 1. 17 10.0 87 
Day 3 2147 18.0 30,9 98 550 934 9.8 4715 0.87 0.96 12.8 87 
Day 4 2289 17.0 30.9 108 503 930 10.1 5959 1. 36 1. 20 10.8 95 
Day 5 2107 18.2 29. 5 94 556 929 11. 5 4635 1. 01 0.88 8.9 84 
Day 6 2309 18.1 28.9 105 657 1094 8.9 6018 1.14 1.12 9.8 llO 
-
Ave./day 
basal diet 2218 18 30 103 566 976 10.0 5404 1. 09 1. 03 10.4 92 
Supplementb 510 869 0.5 
--
Total/day 2218 18 30 103 1076 1845 10.0 5404 1. 09 1. 53 10.4 92 
aAmounts of protein from animal and vegetable sources. 
b420 I.U. of Vit. D/day were provided also by addition of Drisdol to the breakfast juice. 
u, 
w 
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TABLE 17 
PERIOD MENUS FOR DIET A 
DAY 1 
Breakfast 
~· 
Lunch 
~-
Pineapple JUl.Ce 80 Baked beans 100 
Orange juice 40 Turkey 30 
Post Toasties 28 Lettuce 15 
Brown sugar, dark 22 Mayonnaise 19 
Doughnut 32 Bread 40 
Margarinea 25 Pears, broiled 70 
XX Cream 85 X Cream 45 
Coffee 142 ml. Coffee 142 ml. 
Dinner 
~· 
Snacks 
~· 
Tomato soup, cone. 60 Molasses cookies 30 
Rice casserole 130 Potato chips 20 
Onions, baked 100 Raisins 20 
Lettuce so Coca-Cola, 10 oz. bottle 
French dressing 20 
Prunes 70 
X Cream 45 
Coffee 142 ml. 
DAY 2 
Breakfast 
~· 
Lunch 
~-
Pineapple Juice 80 Spaghetti 100 
Orange juice 40 Tomato sauce 88 
Special K 16 Pineapple, en. 100 
Brown sugar, dark 22 Lettuce 15 
Doughnut 32 Mayonnaise 10 
Margarine a 30 Bread 60 
XX Cream 100 Purple plums, en. 100 
Coffee 142 ml. Coffee 142 ml. 
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TABLE 17 (CONTINUED) 
DAY 2 
Dinner 
~-
Snacks 
~-
---
Celery soup, cone. 60 White cake 50 
Ground beef, raw 24 Coca-Cola, 10 oz. bottle 
Mashed potatoes 85 
Asparagus, en. 100 
Lettuce 50 
Fruit dressing 20 
Apricots, en. 70 
Coconut 10 
Coffee 142 ml. 
DAY 3 
Breakfast 
~· 
Lunch 
~· 
Orange juice 40 Baked beans 100 
Pineapple juice 80 Turkey 20 
Corn Chex 30 Lettuce 65 
Brown sugar, dark 22 Banana so 
Doughnut 32 Mayonnaise 9 
Margarine a 34 Bread 60 
XX Cream 79 Coffee 142 ml. 
Coffee 142 ml. 
Dinner t· Snacks t· 
----
Asparagus soup, cone. 60 Raisins 40 
Beef-rice casserole 100 Coca-Cola, 10 oz. bottle 
Slaw 55 
Mayonnaise dressing 10 
Squash 100 
Onions so 
Pears, en. 100 
Cranberry mousse 60 
Coffee 142 ml. 
Breakfast 
Orange juice 
Pineapple juice 
Special K 
Brown sugar, dark 
Doughnut 
Margarine a 
XX Cream 
Coffee 
Dinner 
Ground beef, raw 
Spaghetti 
Tomato sauce 
Green peas 
Lettuce 
French dressing 
Pineapple tapioca 
Whipped cream 
Coffee 
Breakfast 
Orange juice 
Pineapple juice 
Corn Chex 
Brown sugar, dark 
Doughnut 
Margarine a 
XX Cream 
Coffee 
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TABLE 17 (CONTINUED) 
~-
40 
80 
16 
22 
32 
30 
68 
142 ml. 
~-
24 
100 
88 
80 
so 
20 
150 
20 
142 ml. 
~-
40 
80 
30 
22 
32 
30 
83 
142 ml. 
DAY 4 
Lunch !· 
Celery soup, cone. 60 
Tomato 60 
Cottage cheese 10 
Mayonnaise 13 
Lettuce 15 
Bread 40 
Cherry crisp 104 
X Cream 45 
Coffee 142 ml. 
Snacks !· 
Potato chips 20 
Applesauce cookies 30 
Coca-Cola, 10 oz. bottle 
DAY 5 
Lunch 
Baked beans 
Pineapple, en. 
Mayonnaise 
Lettuce 
Bread 
Purple plums, en. 
Coconut 
Coffee 
~-
100 
so 
10 
15 
40 
100 
10 
142 ml. 
Dinner 
Tomato soup, cone. 
Ground beef, raw 
Mashed potatoes 
Green beans 
Lettuce 
French dressing 
Rhubarb and apple 
Coffee 
Breakfast 
Orange juice 
Pineapple juice 
Special K 
Brown sugar, dark 
Doughnut 
Margarine a 
XX Cream 
Coffee 
Dinner 
Asparagus soup, cone. 
Ground beef, raw 
Mashed potatoes 
Cinnamon applesauce 
Broccoli 
Lettuce 
French dressing 
Banana sherbet 
Coffee 
aTotal for day. 
TABLE 17 (CONTINUED) 
~· 
60 
37 
130 
75 
so 
20 
100 
142 ml. 
~-
40 
80 
16 
22 
32 
25 
83 
142 ml. 
60 
32 
85 
55 
so 
so 
20 
100 
142 ml. 
DAY 5 
Snacks 
Applesauce cookies 
Graham crackers 
Coca-Cola, 10 oz. 
DAY 6 
Lunch 
Spaghetti 
Tomato sauce 
Lettuce 
Mayonnaise 
Tomato 
Bread 
Peach, broiled 
Whipped topping 
Coffee 
Snacks 
Potato chips 
White cake 
bottle 
Coca-Cola, 10 oz. bottle 
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~· 
30 
14 
~-
100 
88 
15 
13 
40 
60 
70 
22 
142 ml. 
~-
20 
75 
Breakfast 
Orange juice 
Post Toasties 
Granulated sugar 
Doughnut 
Margarine a 
XX Cream 
Coffee 
Dinner 
Tomato soup, cone. 
Rice casserole 
Onions, baked 
Lettuce 
French dressing 
Bread 
Pears, en. 
Coffee 
Breakfast 
Orange juice 
Cheerios 
Granulated sugar 
Doughnut 
Margarinea 
XX Cream 
Coffee 
TABLE 18 
PERIOD MENUS FOR DIET B 
120 
28 
20 
32 
25 
85 
142 ml. 
60 
130 
100 
so 
20 
40 
100 
142 ml. 
60 
25 
20 
32 
30 
100 
142 ml. 
DAY 1 
DAY 2 
Lunch 
Baked beans 
Turkey 
Lettuce 
Mayonnaise 
Bread 
Pear, broiled 
Snacks 
Applesauce cookies 
Potato chips 
Lunch 
Spaghetti 
Tomato sauce 
Pineapple, en. 
Cottage cheese 
Mayonnaise 
Lettuce 
Bread 
Peaches, en. 
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150 
36 
15 
19 
40 
70 
~-
30 
20 
~-
150 
132 
100 
36 
10 
15 
40 
100 
59 
TABLE 18 (CONTINUED) 
DAY 2 
Dinner 
~o 
Snacks 
~-
Celery soup, cone. 60 White cake 50 
Ground beef, raw 24 Corn Chex 28 
Mashed potatoes 85 
Asparagus, en. 100 
Lettuce 50 
Fruit dressing 20 
Bread 40 
Apricots, en. 90 
Coconut 10 
Coffee 142 ml. 
DAY 3 
Breakfast 
~-
Lunch 
~-
Orange juice 60 Baked beans 150 
Post Toasties 28 Turkey 34 
Granulated sugar 20 Mayonnaise 19 
Doughnut 32 Lettuce 65 
Margarine 8 34 Bread 60 
XX Cream 79 Banana 50 
Coffee 142 ml. 
Dinner 
~-
Snacks 
~-
----
Asparagus soup, cone. 60 Graham cracker 14 
Beef-rice casserole 100 
Slaw 55 
Mayonnaise dressing 11 
Squash 100 
Onions so 
Bread 40 
Pears? en. 100 
Cranberry mousse 60 
Coffee 142 ml. 
Breakfast 
Orange juice 
Cheerios 
Granulated sugar 
Doughnut 
Margarine a 
XX Cream 
Coffee 
Dinner 
Spaghetti 
Tomato sauce 
Beef pattie, raw 
Green peas 
Lettuce 
French dressing 
Bread 
Pineapple tapioca 
Whipped cream 
Coffee 
Breakfast 
Orange juice 
Pineapple juice 
Rice Crispies 
Granulated sugar 
Doughnut 
Margarine a 
XX Cream 
Coffee 
TABLE 18 (CONTINUED) 
60 
25 
20 
32 
30 
68 
142 ml. 
200 
167 
24 
80 
so 
20 
40 
150 
20 
142 ml. 
~· 
40 
80 
24 
20 
32 
30 
83 
142 ml. 
DAY 4 
DAY 5 
Lunch 
Celery soup, cone. 
Cottage cheese 
Tomato 
Mayonnaise 
Lettuce 
Bread 
Cherry crisp 
X Cream 
Snacks 
Potato chips 
Applesauce cookies 
Lunch 
Baked beans 
Pineapple, en. 
Cottage cheese 
Mayonnaise 
Lettuce 
Bread 
Peaches, en. 
Coconut 
60 
~· 
60 
36 
60 
13 
15 
40 
104 
45 
20 
30 
~· 
150 
so 
36 
10 
15 
40 
70 
10 
Dinner 
Tomato soup, cone. 
Ground beef, raw 
Mashed potatoes 
Green beans 
Lettuce 
French dressing 
Bread 
Rhubarb and apple 
Coffee 
Breakfast 
Orange juice 
Cheerios 
Granulated sugar 
Doughnut 
Margarinea 
XX Cream 
Coffee 
Dinner 
Asparagus soup, 
Ground beef, raw 
Mashed potatoes 
cone. 
Cinnamon applesauce 
Broccoli 
Lettuce 
French dressing 
Bread 
Banana sherbet 
Coffee 
a Total for day. 
TABLE 18 (CONTINUED) 
60 
37 
130 
75 
so 
20 
40 
100 
142 ml. 
60 
28 
20 
32 
25 
83 
142 ml. 
~-
60 
32 
85 
55 
so 
so 
20 
40 
100 
142 ml. 
DAY 5 
Applesauce cookies 
Corn Chex 
DAY 6 
Lunch 
Spaghetti 
Tomato sauce 
Cottage cheese 
Mayonnaise 
Tomato 
Lettuce 
Bread 
Peach, broiled 
Whipped topping 
Snacks 
Potato chips 
White cake 
61 
~-
30 
28 
~· 
150 
132 
36 
15 
40 
15 
40 
70 
22 
~-
20 
75 
